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Abstract

Aims: Non-small-cell lung cancer (NSCLC) is the most common clinical lung cancer. Polymorphonuclear-myeloid derived

suppressor cells (PMN-MDSCs), which are the major population of MDSCs, are involved in NSCLC progression. Recently,

it was found that lectin-type oxidized LDL receptor 1 (LOX-1) could identify humsn PMN-MDSCs. However, the role of

CD15+LOX-1+ PMN-MDSCs in NSCLC early diagnosis has not been revealed. Here, we tried to confirm the application of

the newly-identified CD15+LOX-1+ PMN-MDSCs in the early diagnosis of NSCLC. Methods: Flow cytometry (FCM) was used

to detect the proportion of CD15+LOX-1+ PMN-MDSCs in the peripheral blood (PB) of healthy controls (HC) and NSCLC

patients. The correlation of CD15+LOX-1+ PMN-MDSC frequency with levels of cytokeratin 19-fragments (CYFRA21-1),

carcinoembryonic antigen (CEA), and carbohydrate antigen 125 (CA125) was analyzed. Receiver operating characteristic

(ROC) curve was used to estimate the diagnostic efficacy of CD15+LOX-1+ PMN-MDSCs for NSCLC. Additionally, the

association of CD15+LOX-1+ PMN-MDSC frequency with NSCLC prognosis/recurrence after surgery was explored. Results:

The proportion of CD15+LOX-1+ PMN-MDSCs increased in PB of NSCLC patients. CD15+LOX-1+ PMN-MDSC proportion

was positively correlated with levels of CEA and CYFRA21-1. The area under the ROC curve (AUC) of PMN-MDSC percentage

was higher than CYFRA21-1, CEA and CA125. The proportion of CD15+LOX-1+ PMN-MDSCs decreased in patients after

surgery. The frequency of CD15+LOX-1+ PMN-MDSCs was lower in NSCLC patients without recurrence compared to those

with recurrence after surgery. Conclusions: Circulating CD15+LOX-1+ PMN-MDSCs are a potential diagnostic marker for

NSCLC, and are associated with NSCLC prognosis and recurrence after surgery.
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Circulating CD15+LOX-1+PMN-MDSCs are a potential biomarker for the early diagnosis of
non-small cell lung cancer

ABSTRACT

Aims: Non-small-cell lung cancer (NSCLC) is the most common clinical lung cancer. Polymorphonuclear-
myeloid derived suppressor cells (PMN-MDSCs), which are the major population of MDSCs, are involved
in NSCLC progression. Recently, it was found that lectin-type oxidized LDL receptor 1 (LOX-1) could
identify humsn PMN-MDSCs. However, the role of CD15+LOX-1+ PMN-MDSCs in NSCLC early diagnosis
has not been revealed. Here, we tried to confirm the application of the newly-identified CD15+LOX-1+

PMN-MDSCs in the early diagnosis of NSCLC.

Methods: Flow cytometry (FCM) was used to detect the proportion of CD15+LOX-1+ PMN-MDSCs in
the peripheral blood (PB) of healthy controls (HC) and NSCLC patients. The correlation of CD15+LOX-
1+ PMN-MDSC frequency with levels of cytokeratin 19-fragments (CYFRA21-1), carcinoembryonic antigen
(CEA), and carbohydrate antigen 125 (CA125) was analyzed. Receiver operating characteristic (ROC) curve
was used to estimate the diagnostic efficacy of CD15+LOX-1+ PMN-MDSCs for NSCLC. Additionally, the
association of CD15+LOX-1+ PMN-MDSC frequency with NSCLC prognosis/recurrence after surgery was
explored.

Results: The proportion of CD15+LOX-1+ PMN-MDSCs increased in PB of NSCLC patients. CD15+LOX-
1+PMN-MDSC proportion was positively correlated with levels of CEA and CYFRA21-1. The area under the
ROC curve (AUC) of PMN-MDSC percentage was higher than CYFRA21-1, CEA and CA125. The propor-
tion of CD15+LOX-1+ PMN-MDSCs decreased in patients after surgery. The frequency of CD15+LOX-1+

PMN-MDSCs was lower in NSCLC patients without recurrence compared to those with recurrence after
surgery.

Conclusions: Circulating CD15+LOX-1+ PMN-MDSCs are a potential diagnostic marker for NSCLC, and
are associated with NSCLC prognosis and recurrence after surgery.

KEYWORDS: Polymorphonuclear-myeloid derived suppressor cells, non-small cell lung cancer, biomarker,
early diagnosis, recurrence after surgery

WHAT IS KNOWN?

PMN-MDSCs are involved in the progression of NSCLC by promoting tumor immune escape and metastasis.

There lack specific biomarkers for identifying PMN-MDSCs.

WHAT IS NEW?

1. CD15+LOX-1+ PMN-MDSCs are a potential biomarker for NSCLC early diagnosis.

2. CD15+LOX-1+ PMN-MDSCs are associated with NSCLC prognosis and recurrence after surgery.

INTRODUCTION

Lung cancer has become a challenging health problem worldwide. More than 1.0 million people die of
the disease each year [1, 2]. According to the histopathological classification, lung cancer can be divided
into small cell lung cancer (SCLC) and NSCLC, in which NSCLC accounts for approximately 85% and is
the most common type of clinical lung cancer. NSCLC can be subdivided into squamous cell carcinoma,
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. adenocarcinoma and large cell carcinoma [3-5]. In spite of the development in lung cancer diagnosis and
treatment, the overall survival of NSCLC still remains at a low rate [6-9]. Metastasis is identified as the main
cause of lung cancer related mortalities after resection. It is confirmed that 30-55% of NSCLC patients in
early stage die from recurrent metastatic disease after surgery with curative intent, and only 3-10% of them
can survive over 5 years with the treatment of standard adjuvant chemotherapy [10-12]. Immune checkpoint
blockade that can promote the generation of antigen specific T cells is a newly defined immune adjuvant
therapy [13, 14]. However, most of early-stage NSCLC tumors are removed without neoadjuvant intervention
in clinical practice [11, 15]. Current biomarkers for NSCLC such as CYFRA21-1, CEA and CA125 are not
specific and sensitive enough to reflect the NSCLC progression. Therefore, specific biomarkers are necessary
for monitoring NSCLC development and developing targeted treatment approaches for NSCLC.

In the progression of lung cancer, there exist multiple immune cells infiltrating into tumor sites. Different
types of these immune cells and their products determine the fate of tumor progression. Immune cells also
play a major role in establishing metastasis of the primary tumor to various organs [16-19]. A protective
immune response against tumor is often prevailed by the protumor response, and it eventually is the balance
or the lack of it between these two processes that determine the fate of tumor growth and metastasis.
MDSCs are one of the immuosuppressive populations, which are rapidly attracting attention in tumor biology
[20]. MDSCs are a population of immature myeloid cells (IMCs) and mature myeloid cells with immune
suppressive activity. Under physiological conditions, IMCs produced by bone marrow can differentiate into
mature granulocytes, monocytes and dendritic cells (DCs). In pathological conditions, especially cancer,
the differentiation of IMCs is inhibited by molecules released by tumor cells, stromal cells and activated
immune cells, which leads to the accumulation of MDSCs [21-23]. In human and mice, PMN-MDSCs
and monocytic MDSCs (M-MDSCs) are the two main subsets of MDSCs, in which PMN-MDSCs that
account for 70-80% of total MDSCs are the prioritized population [24]. In tumor microenvironment (TME),
PMN-MDSCs are the main subset of MDSCs that induce tumor immune escape. Besides PMN-MDSCs
migrating from bone marrow to TME, M-MDSCs and mature granulocytes in TME can also convert into
PMN-MDSCs to induce the immunosuppression more effectively [25]. PMN-MDSCs have previously been
confirmed to be involved in the progression of NSCLC by promoting tumor immune escape and metastasis
in both preclinical and clinical trails [26-28]. However, PMN-MDSCs, which were initially identified as a
population of terminally differentiated neutrophils with immunosuppression, shared the similar morphology
and phenotype with mature ones. Therefore, it was the suppressive activity, but not phenotype, was the most
reliable approach to distinguish PMN-MDSCs from neutrophils [20]. Recently, it was confirmed that LOX-1
could be used to distinguish the population of PMN-MDSCs in cancer patients. It was found that the newly
defined LOX-1+CD15+ PMN-MDSCs enhanced immune suppression which promoted tumor progression [29-
32]. Thus, we attempted to ensure the application of CD15+LOX-1+ PMN-MDSCs in NSCLC diagnosis in
present study, as well as identify their association with NSCLC prognosis and recurrence after surgery.

MATERIALS AND METHODS

Patients and samples

PB samples of primary NSCLC patients (Adenocarcinoma, n=27; Squamous cell lung cancer, n=23) and
healthy donors (n=50) were obtained from Nanjing Drum Tower Hospital from April 2018 to December 2019.
Cancer cases were confirmed by pathological diagnosis. According to the results of surgery, cancer staging was
determined according to the 6th edition of the American Joint Cancer Commission’s tumor-node-metastasis
(TNM) staging system. All NSCLC patients were diagnosed for the first time and had not received any
treatment before. Detailed information of NSCLC patients were listed in Table 1. Collected samples were
firstly subjected to centrifuge at 20ºC, 2000 rpm for 5 min to separate the cells from plasma. ACK buffer was
used to lyse red blood cells (RBCs), and the remaining cells were used for following experiments. To confirm
the potential application of PMN-MDSC frequency in NSCLC diagnosis, we also collected paired PB samples
from NSCLC patients at 3 months after surgical resection. Meanwhile, PB samples of NSCLC patients with
or without recurrence after surgery were collected to identify the association of PMN-MDSC proportion
with NSCLC recurrence (n=50). All samples were obtained in accordance with the approval of the Ethics

3
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. Committee of Nanjing Drum Tower Hospital. All experiments were undertaken with the understanding and
written consent of each subject.

FCM

To detect the proportion of CD15+LOX-1+ PMN-MDSCs in PB of NSCLC patients and HC, ACK buffer
was used to lyse RBCs, and the remaining cells were stained with PE/Cy5.5-anti-human-CD11b (eBios-
cience, 0.25μg/1×106 cells), APC-anti-human-CD33 (eBioscience, 0.25μg/1×106 cells), PE-anti-human-LOX-
1 (eBioscience, 0.25μg/1×106 cells) and FITC-anti-human-CD15 mAbs (eBioscience, 0.25μg/1×106 cells) at
4ºC for 30 min. FCM was performed using a FACSCalibur flow cytometer (Becton Dickinson). Data were
analyzed by FlowJo software.

Reverse transcript PCR and quantitative real-time PCR

The RNA isolation, reverse transcript PCR and quantitative real-time PCR (qRT-PCR) were per-
formed as described previously. The sequences for the primers used are: β-Actin: Forward: 5-
GAGTGTGGAGACCATCAAGGA-3, Reverse: 5-TGTATTGCTTTGCGTTGGAC-3; ARG1: Forward: 5-
CCTTTGCTGACATCCCTAAT-3, Reverse: 5-GATTCTTCCGTTCTTCTTGACT-3.

Detection of tumor markers

Levels of CEA, CA125, and CYFRA21-1 in serum of NSCLC patients were measured by full automatic
electrochemiluminescent immunoassay (Roche, Switzerland). The upper limits of detection results were 3.5
ng/mL, 35 U/mL, and 3.3 ng/mL, respectively.

Graphing and statistical analysis

Data were presented as Mean ± SD. GraphPad Prism 5.0 (GraphPad, San Diego, CA) was used to generate
bar graphs and ROC curves. The statistical significance of differences between groups was determined by
the Student’s t-test (two-tailed). Correlations between variables were determined by Spearman’s correlation
coefficient. Differences were considered significant at a P value < 0.05.

RESULTS

CD15+LOX-1+ PMN-MDSC frequency is increased in PB of NSCLC patients

MDSCs that consist of PMN-MDSCs and M-MDSCs are immune suppressors in NSCLC. PMN-MDSCs
have been identified as the major population of MDSCs in cancer patients, which induce the immune sup-
pression in TME [25]. LOX-1 is a newly identified marker for distinguishing human PMN-MDSCs [29]. To
compare the CD15+LOX-1+PMN-MDSC frequency in NSCLC patients with that in healthy donors, we
detected the proportion of CD15+LOX-1+ PMN-MDSCs in PB of the two groups. Detailed information of
NSCLC patients were listed in Table 1. Based on the results of FCM, it was indicated that CD15+LOX-1+

PMN-MDSC frequency was significantly upregulated in the circulation of NSCLC patients (20.84±1.342 %)
compared to healthy individuals (3.215±0.1346 %) (Figure 1A, P <0.0001). ARG1 is the main suppressor
released by PMN-MDSCs, and we found that ARG1 expression in PB cells increased significantly in NSCLC
patients compared to health donors (0.1679±0.0145 vs 0.04951±0.0044) (Figure 1B,P <0.0001). Moreover,
the CD15+LOX-1+ PMN-MDSC frequency was positively correlated with the ARG1 expression in NSCLC
patients (r=0.5951, P <0.0001) (Figure 1C).

CD15+LOX-1+ PMN-MDSC is a potential biomarker for NSCLC diagnosis

To confirm the potential of CD15+LOX-1+ PMN-MDSCs applied as a diagnostic marker for NSCLC, we
firstly measured levels of CEA, CYFRA21-1 and CA125 in serum of NSCLC patients, and then analyzed their
correlation with CD15+LOX-1+PMN-MDSC frequency. Results showed that levels of serum tumor markers
including CEA (7.348±1.024 ng/mL) (P <0.0001), CYFRA21-1 (7.436±0.9677 ng/mL) (P <0.0001) and
CA125 (61.09±6.703 U/mL) (P <0.0001) increased prominently in NSCLC patients compared with those in
healthy donors (CEA: 1.77±0.1359 ng/mL; CYFRA21-1: 1.799±0.1045 ng/mL; CA125: 14.57±0.9361 U/mL)
(Figure 2A). We also found that CD15+LOX-1+ PMN-MDSC proportion was positively correlated with
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. levels of CEA (r=0.6831,P =0.0021) and CYFRA21-1 (r=0.6598, P <0.0001), but not CA125 (r=0.2687, P
=0.0592), in NSCLC patients (Figure 2B). Moreover, ROC curves of CD15+LOX-1+ PMN-MDSC frequency
and tumor markers were analyzed. The results showed that AUC of PMN-MDSC frequency, CEA, CYFRA21-
1 and CA125 in the diagnosis of NSCLC were 0.9996 (95% CI: 0.9983-1.001), 0.8852 (95% CI: 0.8226-0.9478),
0.9205 (95% CI: 0.8670-0.9740) and 0.8209 (95% CI: 0.7404-0.9015), respectively (Figure 2C). These results
indicate that CD15+LOX-1+ PMN-MDSC is a potential biomarker for NSCLC diagnosis.

The proportion of CD15+LOX-1+ PMN-MDSCs is associated with NSCLC prognosis and
recurrence after surgery

To confirm the connection between CD15+LOX-1+ PMN-MDSCs and NSCLC prognosis, we detected the
CD15+LOX-1+ PMN-MDSC proportion in PB of NSCLC patients before and after surgical operation. The
data showed that CD15+LOX-1+ PMN-MDSC frequency decreased significantly at 3 months after surgery
(20.84±1.3420 vs 12.79±0.9396 %, P =0.0058) (Figure 3A). Furthermore, we also measured the percen-
tage of CD15+LOX-1+ PMN-MDSCs in NSCLC patients with or without recurrence after surgery. It was
found that frequency of circulating CD15+LOX-1+PMN-MDSCs decreased significantly in NSCLC patients
without recurrence compared to that in NSCLC patients with recurrence (13.76±0.9581 vs 19.91±0.7098
%, P =0.0076) (Figure 3B). In these cases, 11 samples could be traced from the NSCLC patients listed in
Table 1, in which there were 8 patients without recurrence and 3 patients with recurrence. By comparing the
CD15+LOX-1+ PMN-MDSC proportion in different groups, it was further confirmed that CD15+LOX-1+

PMN-MDSCs were related to NSCLC recurrence after surgery (9.944±1.569 vs 21.25±0.7963 %,P <0.0001)
(Figure 3C). All these data confirm that circulating CD15+LOX-1+ PMN-MDSC frequency is associated
with NSCLC prognosis and recurrence after surgery.

DISCUSSION

Lung cancer is the leading cause of cancer-related death worldwide. As the main histological subtype of lung
cancer, NSCLC attracts a lot of attention. In the past 20 years, advantages in the diagnosis and treatment
of NSCLC have been achieved tremendously, and the understanding for NSCLC biology and progression
has also been more comprehensive [8]. For instance, applications of small molecule tyrosine kinase inhibitors
and immunotherapy have resulted in unprecedented survival benefits in selected patients [33-36]. However,
the overall cure and survival rates of NSCLC patients still remain at a low rate, especially in metastatic
condition [8]. MDSCs that are a population of IMCs with immunosuppression are a main cause of NSCLC
immune escape, metastasis and therapy resistance [37-40]. As the major population of MDSCs, PMN-MDSCs
account for 70-80% of total MDSCs in both tumor-bearing mice and cancer patients. PMN-MDSCs suppress
anti-tumor immune responses by releasing high levels of arginase 1 (ARG1) and reactive oxygen species
(ROS) [25]. The phenotype of PMN-MDSCs is complicated. PMN-MDSCs were previously characterized
as CD11b+Ly6G+Ly6Clowin mice, and were identified as CD11b+CD33+CD15+CD66b+CD14-in human,
which shared the same phenotype with mature neutrophils [16]. LOX-1 is a newly defined marker that
can distinguish human PMN-MDSCs from mature neutrophils, and peripheral LOX-1+ PMN-MDSCs is
associated with anti-PD-1 therapy in NSCLC patients [29]. Here, we demonstrated that CD15+LOX-1+

PMN-MDSC proportion increased in PB of NSCLC patients. The frequency of circulating CD15+LOX-1+

PMN-MDSCs was positively correlated with the levels of CEA and CYFRA21-1, and the combined detection
of PMN-MDSCs and traditional tumor markers could enhance the diagnostic sensitivity and specificity for
NSCLC. Moreover, we found that the proportion of CD15+LOX-1+PMN-MDSCs in PB of NSCLC patients
decreased at 3 months after surgical resection, indicating that CD15+LOX-1+ PMN-MDSCs are associated
with the prognosis of NSCLC. NSCLC recurrence after surgery is responsible for cancer associated mortalities
after resection. To confirm the relationship between CD15+LOX-1+ PMN-MDSCs and NSCLC recurrence,
we detected the PMN-MDSC frequency in NSCLC patients with or without recurrence after resection, and it
was found that PMN-MDSC percentage was much higher in patients with recurrence. Therefore, CD15+LOX-
1+ PMN-MDSCs are associated with NSCLC recurrence after surgery. However, PB samples in this study
were all from primary NSCLC patients in early stage that were diagnosed for the first time and had not
received any treatment before. CD15+LOX-1+ PMN-MDSC presence in the circulation of III-IV NSCLC

5
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. patients has not been revealed. Besides that, we only measured the frequency of CD15+LOX-1+ PMN-
MDSCs before/after surgical treatment, but the relationship between CD15+LOX-1+ PMN-MDSCs and
other treatments, such as radiotherapy, chemotherapy and targeted therapy, still needs further investigations.

CONCLUSION

In summary, we identified that CD15+LOX-1+ PMN-MDSC proportion increases in PB of NSCLC pati-
ents, and combined detection of PMN-MDSCs and traditional tumor markers can promote the diagnostic
sensitivity and specificity for NSCLC. Moreover, CD15+LOX-1+ PMN-MDSCs are associated with NSCLC
prognosis and recurrence after surgery.
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Table 1. Clinical demographic characteristics of NSCLC subjects (n=50)

CD15+LOX-
1+

PMN-
MDSC
frequency
(%)

CD15+LOX-
1+

PMN-
MDSC
frequency
(%)

CD15+LOX-
1+

PMN-
MDSC
frequency
(%)

Parameter Number Number Number Number [?]20 <20 P value
(Mean±SD)

Age 0.9757
<60 14 14 14 14 5 9
[?]60 36 36 36 36 15 21
Gender 0.0176
Male 29 29 29 29 13 16
Female 21 21 21 21 7 14
Tumor
size
[?]3cm 50 50 50 50 20 30
>3cm 0 0 0 0 0 0
Smoking
history

0.3784
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. Smokers 26 26 26 26 9 17
Never
smokers

24 24 24 24 11 13

Lymph
node
metastasis

Lymph
node
metastasis

Positive 0 0 0 0 0 0
Negative 50 50 50 50 20 30
TNM
stage

0.4653

I 33 33 33 33 10 23
II 14 14 14 14 10 4
Histological
tumor
type

Histological
tumor
type

0.0832

Squamous
cell
carcinoma

Squamous
cell
carcinoma

Squamous
cell
carcinoma

Squamous
cell
carcinoma

23 12 11

AdenocarcinomaAdenocarcinomaAdenocarcinoma27 27 8 19

Figure legends:

Figure 1. CD15+LOX-1+ PMN-MDSC frequency in the circulation of healthy donors and NSCLC patients.

The frequency of circulating CD15+LOX-1+ PMN-MDSCs in healthy donors (n=50) and NSCLC patients
(n=50) were measured by FCM. (B)ARG1 expression was detected in PB of healthy donors (n=50) and
NSCLC patients (n=50). (C) The correlation analysis between CD15+LOX-1+ PMN-MDSC frequency
andARG1 expression in NSCLC patients (n=50). ***P <0.001.

Figure 2. The potential application of CD15+LOX-1+ PMN-MDSCs in NSCLC diagnosis.

(A) Levels of CEA, CYFRA21-1, and CA125 in serum of NSCLC patients were measured (n=50). (B) The
correlation of CD15+LOX-1+ PMN-MDSC frequency with levels of tumor markers. (C) ROC curves. ***P
<0.001.

Figure 3. Circulating CD15+LOX-1+PMN-MDSCs are associated with NSCLC prognosis and recurrence
after surgery.

(A) CD15+LOX-1+ PMN-MDSC frequency in PB of NSCLC patients before (n=50) or after surgical resec-
tion (n=50). (B) CD15+LOX-1+ PMN-MDSC frequency in PB of NSCLC patients with (n=50) or without
(n=50) recurrence post-surgery. (C) CD15+LOX-1+ PMN-MDSC frequency was compared in traced NSCLC
patients with (n=8) or without (n=3) recurrence post-surgery. **P <0.01, ***P <0.001.
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